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ADF&G TECHNICAL DATA REPORTS 

This se r ies  o f  repo r t s  i s  designed t o  f a c i l i t a t e  prompt 
r e p o r t i n g  of data from s tud ies  conducted by the  Alaska 
Department of F ish and Game, e s p e c i a l l y  s tud ies  which 
may be o f  d i r e c t  and imnediate i n t e r e s t  t o  s c i e n t i s t s  
o f  o the r  agencies. 

The pr imary purpose of these repo r t s  i s  p resenta t ion  of 
data. Desc r ip t i on  of programs and data c o l l e c t i o n  methods 
i s  inc luded o n l y  t o  the  ex ten t  requ i red  f o r  i n t e r p r e t a t i o n  
o f  the  data. Ana lys is  i s  genera l l y  1  i m i  t ed  t o  t h a t  neces- 
sary  f o r  c l a r i f i c a t i o n  o f  data c o l l e c t i o n  methods and 
i n t e r p r e t a t i o n  o f  t he  bas ic  data. No attempt i s  made i n  
these r e p o r t s  t o  present  ana lys i s  o f  t he  data r e l a t i v e  t o  
i t s  u l t i m a t e  o r  intended use. 

Data presented i n  these repo r t s  i s  intended t o  be f i n a l ,  
however, some r e v i s i o n s  may occas iona l ly  be necessary. 
Minor r e v i s i o n  w i l l  be made v i a  e r r a t a  sheets. Major 
r e v i s i o n s  w i  11 be made i n  the form o f  rev i sed  repo r t s .  
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ABSTRACT 

Sockeye salmon (Oncorhynchus nerka Walbaum) commerc ia l ly  caught i n  r e g u l a t o r y  
f i s h i n g  D i s t r i c t s  21 2  and 200 were a1 loca ted ,  us ing  1  i n e a r  d i s c r i m i n a n t  func-  
t i o n  ana l ys i s  o f  s ca le  pa t t e rns  and age composi t ion data,  t o  two runs, one 
composed o f  s tocks o r i g i n a t i n g  i n  t h e  Upper Copper R i v e r  Bas in  ( U p r i v e r )  and 
another  o f  s tocks o r i g i n a t i n g  i n  t he  Copper R i ve r  De l t a  and Ber ing  R i ve r  water -  
sheds (Del ta/Ber-i ng).  L i nea r  d i s c r i m i n a n t  f unc t i ons  were cons t ruc ted  w i t h  
sca le  p a t t e r n  measurements from f i s h  sampled i n  t h e  escapements of each run. 
Mean c l  ass i  f i  c a t i o n  accurac ies f o r  t h e  1  i n e a r  d i s c r i m i n a n t  model s  were 77% 
f o r  f i s h  aged 1.3 and 86% f o r  f i s h  aged 1.2. The l i n e a r  d i s c r i m i n a n t  models 
were used t o  es t imate  t h e  p ropo r t i ons  o f  Up r i ve r  and Del ta /Ber ing  f i s h  i n  
temporal l y  s t r a t i f i e d  samples f rom t h e  commercial catches i n  D i s t r i c t s  21 2  
and 200. For D i s t r i c t  212, t h e  U p r i v e r  c o n t r i b u t i o n  t o  t he  catches of f i s h  
aged 1.3 was 192,121 f i s h  and the De l t a IBe r i ng  c o n t r i b u t i o n  was 200,684 f i s h .  
For f i s h  aged 1.2, 37,136 were a l l o c a t e d  t o  t h e  U p r i v e r  r u n  and 64,043 t o  t h e  
Del ta /Ber ing  run. The est imates o f  r u n  c o n t r i b u t i o n  by t he  1.3 and 1  - 2  age 
groups were combined w i t h  escapement age composi t ion est imates t o  a l l o c a t e  
t he  remain ing age groups i n  t h e  catch t o  t h e  Up r i ve r  o r  De l t a IBe r i ng  runs. 
The t o t a l  c o n t r i b u t i o n  o f  t h e  U p r i v e r  and De l t a IBe r i ng  runs t o  commercial 
catches were 343,872 and 321,820 f i s h ,  r e s p e c t i v e l y .  The accuracy o f  t h e  
c l a s s i f i c a t i o n  f unc t i ons  f o r  f i s h  aged 1.2 suggests t h a t  s ca le  p a t t e r n  ana l ys i s  
can be used du r i ng  t he  1984 season t o  a l l o c a t e  f i s h  aged 1.3 which a re  from 
the  same brood year .  Scale measurements i n  the  f reshwate r  growth zone pro-  
v ided  t h e  most d i s c r i m i n a n t  power i n  t h e  l i n e a r  d i s c r i m i n a n t  models. 

KEY WORDS: ca tch  a1 l ocat ion,  m ig ra to r y  t im ing ,  sockeye salmon, Oncorhynchus 
nerka, sca le  p a t t e r n  ana l ys i s .  



FOREWORD 

This r epor t  bui lds  upon the 1983 catch and escapement data  base f o r  salmon 
re turns  t o  the  Copper River and Prince Wi 11 iam Sound areas (Sharr e t  a1 . 
1985). Inshore re turns  t o  the  Copper River area have been a1 1 ocated t o  
run of o r i g i n  s ince  1982 (Sharr  e t  a1 . 1984). 



INTRODUCTION 

The Copper R i ve r  and Ber ing  R i ve r  commercial f i s h i n g  d i s t r i c t s  a re  l oca ted  
on the  G u l f  of Alaska eas t  of P r i nce  W i l l i a m  Sound (F i gu re  1  ) .  The Copper 
R i ve r  . D i s t r i c t  (212) extends from Cape M a r t i n  on t h e  eas t  t o  Hook Po in t ,  
Hinchinbrook I s l a n d  on t he  west and i s  d i v i d e d  i n t o  t h ree  s u b d i s t r i c t s  (10, 
20, and 30).  The Ber ing  R i ve r  D i s t r i c t  (200) extends from Cape M a r t i n  on 
t he  west t o  Cape Suck l ing  on t he  eas t  and inc ludes  K a t e l l a  Bay ( S u b d i s t r i c t  
l o ) ,  Cont ro l  l e r  Bay ( S u b d i s t r i c t  20),  and t h e  nearshore waters  t o  t he  eas t  
o f  Kayak I s l a n d  ( S u b d i s t r i c t  30, F i gu re  1) .  E f f o r t  and catches a r e  h i ghes t  
i n  D i s t r i c t  212. I n  1983, peak e f f o r t  i n  D i s t r i c t  212 was 486 boats and i n  
D i s t r i c t  200, 104 boats. The combined commercial ca tch  o f  sockeye salmon 
(Oncorhynchus nerka Walbaum) i n  1983 t o  these d i s t r i c t s  was 812,283 f i s h .  

Sockeye salmon r e t u r n i n g  t o  t he  Copper R i v e r  D i s t r i c t  and Ber ing  R i ve r  Sub- 
d i s t r i c t s  10 and 20 (Be r i ng  R i ve r  I n s i d e )  a re  a  m i x t u r e  o f  s tocks from t h e  
Upper Copper R i ve r  drainage, smal l  watersheds i n  t h e  Copper R i ve r  Del ta ,  
and from the  Ber ing  R ive r .  Major  s tocks f rom t h e  Upper Copper R i ve r  can be 
grouped i n t o  two runs: ( 1 )  one which i s  des t i ned  f o r  t he  upper p o r t i o n s  o f  
t h e  dra inage above Ch i t ina l  and; ( 2 )  one which i s  des t ined  f o r  t he  C h i t i n a  
R ive r  dra inage and does n o t  c o n t r i b u t e  t o  t he  subs is tence f i s h e r y  extending 
from Chi t i  na t o  Sl ana (F i gu re  2; Roberson, personal  cornmuni c a t i o n ) .  The 
major  s tocks from t h e  De l t a  a re  f rom Eyak Lake, McKinley Lake, 27 M i l e  Slough, 
Ragged P o i n t  Lake, M a r t i n  Lake, L i t t l e  M a r t i n  Lake, Tokun Lake, M a r t i n  R i ve r  
Slough, and 39 M i l e  Creek. The major  Ber ing  R i ve r  s tocks a r e  f rom Ber ing  
Lake, Kushtaka Lake, and Shepherd Creek. Resul t s  o f  a e r i a l  escapement.moni- 
t o r i  ng programs and hydro acous t i ca l  enumeration i n d i c a t e  t h a t  escapements 
t o  t h e  Copper R i ve r  have been more numerous than  t o  t h e  De l t a  and t o  t h e  
Ber ing  R ive r .  

Th is  r e p o r t  presents  t he  r e s u l t s  o f  an a l l o c a t i o n  o f  the  1983 commercial 
catches o f  sockeye salmon i n  D i s t r i c t s  212 and 200 t o  t he  Upper Copper R i ve r  
(Up r i ve r  r un )  and t o  t h e  combined Copper R i ve r  D e l t a  and Ber ing  R i v e r  (De l t a /  
Ber ing  r un ) .  Because t he re  i s  evidence t h a t  a  s i g n i f i c a n t  p o r t i o n  o f  t he  
sockeye salmon r e t u r n i n g  t o  S u b d i s t r i c t  30 (Kayak I s l a n d )  of D i s t r i c t  200 may 
be stocks which o r i g i n a t e  o u t s i d e  t h e  Copper and Ber ing  R i ve r  area (McBride 
e t  a l .  1984), catches i n  t h i s  s u b d i s t r i c t  (146,591 f i s h )  a re  no t  inc luded  i n  
D i s t r i c t  200 catch a l l o c a t i o n  i n  t h i s  r e p o r t .  Up r i ve r  and Del ta /Ber ing  con- 
t r i b u t i o n s  t o  catches from each d i s t r i c t  a re  est imated w i t h  r e s u l t s  o f  sca le  
p a t t e r n  a n a l y s i s  of f i s h  aged 1.3* and 1.2 and ca tch  and escapement age com- 
p o s i t i o n  data.  The t o t a l  r e t u r n  t o  t h e  Copper/Bering R i ve r  area a re  est imated 

.from ca tch  a l l o c a t i o n  and escapement data.  

There a r e  a  few minor  s tocks between M i l e s  Lake and Ch i t i na .  

2 European Formula: Numerals preceding t he  decimal r e f e r  t o  t he  number o f  
f reshwate r  annu l i ,  numerals f o l l o w i n g  t h e  decimal a re  t h e  number o f  mar- 
i n e  a n n u l i .  To ta l  age from the  brood year  i s  t h e  sum of these two numbers 
p l  us one. 



F igu re  1. The Copper R i ve r  and Be r i ng  R i v e r  watersheds w i t h  a d j ~ i n i n g  f i s h -  
i n g  d i s t r i c t s  and sampl ing l o c a t i o n s  f o r  sockeye salmon. 



Dipnet Fishery 

Copper R i v e r  

PE SUCKLING 

Figure 2. The Upper Copper River drainage showing the locations of the dip 
net and fishwheel subsi stence fisheries.  



METHODS 

Catch and Escapement S ta t i s t ics  

Commercial catch data used in this report were compiled by the Division of 
Commercial Fisheries for each management d i s t r i c t  for  each week of the fish- 
ing season and are based on tabulations of individual records of sales by 
fishermen (f ish t icke ts ) .  Samples from a s t ra t i f ied  systematic sampling 
program (Cochran 1977) provided scales and information about the sex and age 
composition of  sockeye salmon in seven segments of the commercial catch in 
District  212. Because catches in Distr ic t  200 were much smaller than in 
District  212 and occurred over a much shorter period of time, they were 
sampled only once (Sharr e t  a l .  1985). Ages of f ish were determined through 
examination of scales. 

Upriver escapement was estimated by subtracting Upper Copper River subsis- 
tence catches (Roberson 1984) from the estimates of escapement past the 
Miles Lake Sonar Project (Merritt and Roberson 1984) as reported by Randall 
e t  a1 . (1 984). Estimates of the Delta and Bering River escapements were 
based on aerial survey data (Fridgen, personal communication) as compiled 
by Sharr e t  a1 . ( 1  985). Subsistence catches a t  Chi t i  na were assumed to be 
representative of escapement past the fishery and were, therefore, sampled 
regularly throughout the season to obtain scales and information about the 
age and sex composition of the escapement. The escapement to  Long Lake 

. (Figure 1 ) i s  the principal escapement to the Chitina River drainage and 
those f ish were sampled a t  a weir a t  the lake outlet .  The major escapements 
in the Del ta/Bering run were sampled a t  least  once during the season. The 
ages of f ish sampled were estimated through examination of scales and the 
Peterson method of length frequency analysis (Tecsh 1970). The estimate of 
the escapement by age for  the Upriver run i s  the sum of the estimates for  
the escapement past the subsistence fishery and the escapement to  Long Lake. 
Similarly, the estimate of the Delta/Bering escapement by age i s  the sum of 
the estimates for eqcapements contributing to  that run (Sharr e t  a l .  1985). 

Discriminant Analysis 

The feas ib i l i ty  of using linear discriminant function analysis of scale 
patterns t o  distinguish sockeye salmon returning to the Upper Copper River 
from those returning t o  the DeltaIBering watersheds was demonstrated by 
Sharr (1983) and was f i r s t  used to  estimate the contribution of those two 
runs to the commercial catches in Distr ic t  21 2 in 1982 (Sharr e t  a1 . 1984). 
The technique i s  used here t o  estimate the proportions of the two runs in 
the 9983 commercial catches from Districts 212 and 200. 

Linear discriminant, two-way models' were calculated with scale pattern data 
derived from escapement samples from the Upriver and Del ta/Beri ng runs. Scale 

Two-way models are discriminant functions that  distinguish the members of 
two groups, here Upriver and Del ta/Beri ng f ish.  

- 4- 



samples from the Del ta/Beri ng  group were subsampl ed according t o  re1 ative 
run strengths of escapements as estimated by aerial surveys (Appendix Table 
B 1 ) .  Scale samples representing the Upriver group were from catches a t  
Chi t i  na subsistence fishery and were subsampled to ref lect  temporal changes 
in the magnitude of the Upriver escapement. Scales from Long Lake were also 
subsampled according t o  the relat ive strength of that  escapement in the Up- 
river run. Two age-specific linear discriminant models were constructed, 
one for fish aged 1.3 and one for f ish aged 1 . 2  These were the two major 
age groups in b o t h  District  212 and Distr ic t  200 commercial catches and 
accounted for  61.9% and 16.0%, respectively, 03 the combined total  commer- 
cial catch. 

The scale patterns for  each fish were quantified by counts of circul i and 
measurements of distances between circul i (Appendix Tables A1 and A 2 ) .  These 
data were obtained from three zones relating to the l i f e  history of the f ish:  
( 1  ) the f i r s t  year spent in freshwater, ( 2 )  the portion of the second summer 
in freshwater (plus growth), and (3) the remainder of the second year spent 
in the marine environment (Figure 3 ) .  Scale impressions were projected a t  
l O O X  using equipment similar to that described by Bilton (1970) and modified 
by Ryan and Christie (1976). Counts and measurements were recorded from the 
projected image using a Talos Digitizing Tablet connected to a Vector Graphics 
microcomputer. All measurements were made along the anterior-posterior axis 
of the scale. 

Scale variables were added to the models using a stepwise procedure with the 
partial F-stati s t i c s  as the criterion for  variable entry/removal from the 
model (Enslein e t  a1 . 1977) .  Variables were added until the model accuracy 
ceased t o  improve. Accuracy was estimated by a leaving one out procedure 
(Lachenbruch 1967). 

Scales from the catch samples were used to  estimate the proportion of each 
run in each time s trata  of the catch. The estimated proportions were adjusted 
for misclassification errors by the procedures of Cook and Lord (1  978) and the 
variance of the adjusted estimates was estimated by the formula of Pella and 
Robertson (1  979). 

Catch Allocation 

The two-way linear discriminant models for  fish aged 1.3 and 1 . 2  were used 
t o  estimate the Upriver and Delta/Bering portions of those age groups in the 
s t ra t i f ied  catch samples from Distr ic t  212 and the single sample from the 
Bering River inshore catches. Because there were very few samples of f ish 
aged 1 . 2  in the f i r s t  2 weeks (Weeks 21 and 22)  of the fishery in District  
212 the point estimate for Week 23 was used to allocate those catches. The 
estimated contributions of f ish aged 1.3 and 1 . 2  from each run were calculated 
as a product of the estimate of the proportion, the estimate of the fraction 
of the catch of the age group in question, and the catch: 



'sud b33un3 2ueu 4~~~3s bp deau pl bnq 03 pasn sa Lqe gde~ a47 aqedaua6 
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where : 
A 

C i j  
= Estimated catch of f ish aged j returning t o  run i .  

C = District  catch of f ish during the s t ra ta .  
n 

P j  
= Estimated proportion of fish aged j in the catch. 

A 

S i j  
= Estimated proportion of run i aged j in the catch. 

The variance of the estimated catch of sockeye salmon aged j from r u n  i  was 
calculated as an exact variance of a product according t o  Goodman ( 1  960): 

The proportions of the catch contribution by the Upriver and Delta/Bering 
fish in age groups other than fish aged 1.3 and 1.2 are functions of the 
sum of the estimates for fish aged 1.3 and 1 . 2  and the rat io  of the sum of 
fish aged 1.3 and 1 . 2  t o  other age groups in the respective escapements: 

A 

- 
A - ' i(1.3t1.2) (i. I J  ./i i(1.3+1.2) 
s i j  - 

1 ............................ 
N * - (i ./i Sm(1.3+1.2) m j  m(1.3+1.2) 1 

m= 1 

where : 

= Estimated proportion of run i in the catch of f ish 
aged j. 

- 
3 i (1.3+1.2) 

= Estimated proportion of run i in the catches of fish 
aged 1.3 and 1 .2 .  

= Estimated proportion of f ish aged j in the escapement 
of run i .  

A 

*i (1.3+1.2) 
= Estimated proportion of f ish aged 1.3 and 1 .2  in the 

escapement of run i .  

N = Number of runs. 

The contribution of sockeye salmon age j was then calculated as: 
A A A 



The var iance  o f  es t imates o f  t he  catch o f  f i s h  o t h e r  than those aged 1.3 and 
1.2 was n o t  ca l cu l a ted .  

RESULTS 

Catches and Escapements 

The 1983 commercial ca tch  o f  sockeye salmon i n  D i s t r i c t  212 was 633,010 f i s h  
(Shar r  e t  a l .  1985). Catches peaked d u r i n g  t h e  l a s t  week o f  May (Week 22, 
F i gu re  4)  and 95% of t h e  catch was landed by t he  l a s t  week o f  J u l y  (\leek 31).  
The commercial ca tch  o f  sockeye salmon i n  t h e  i n s i d e  waters o f  D i s t r i c t  200 
was 32,682 f i s h  and over h a l f  o f  t h e  catches occurred d u r i n g  t h e  f i r s t  week 
o f  t h a t  f i s h e r y  (12  June t o  15 June) (Shar r  e t  a l .  1985). An est imated 
708,919 sockeye salmon escaped t h e  commercial f i s h e r i e s  i n  t h e  two d i s t r i c t s  
i n  1983 o f  which 545,724 were des t ined  f o r  U p r i v e r  spawning areas and 163,195 
f o r  Ber ing/Del t a  spawning areas (Sha r r  e t  a1 . 1985). The U p r i v e r  subs is tence 
f i s h e r y  harvested 110,798 o f  t h e  f i s h  des t i ned  f o r  U p r i v e r  spawning areas 
r e s u l t i n g  i n  a n e t  U p r i v e r  escapement o f  434,926 sockeye salmon (Shar r  e t  a l .  
1985). 

F i s h  aged 1.3, 1.2, and 2.3 were t h e  most abundant i n  D i s t r i c t  212 catches, 
composing 62.0%, 16.0%, and 13.4%, r e s p e c t i v e l y  (Appendix Table  B2). The 
p r o p o r t i o n  o f  f i s h  aged 1.3 exceeded 50% throughout  t he  season and peaked 
(69.9%) d u r i n g  t h e  f i f t h  s t r a t a  (12  June t o  25 June).  The p o r t i o n  of f i s h  
aged 1.2 was i n s i g n i f i c a n t  u n t i l  ' t he  f i r s t  week i n  June (Week 23) b u t  increased 
s t e a d i l y  and exceeded 30% by e a r l y  J u l y .  Conversely, t h e  p r o p o r t i o n  o f  f i s h  
aged 2.3 peaked i n  t h e  mid-May opening p e r i o d  (Week 21 ), dec l i ned  s t e a d i l y  
t he rea f t e r ,  and was i n s i g n i f i c a n t  by t h e  t h i r d  week i n  June (Week 26).  I n s i d e  
catches i n  D i s t r i c t  200 ( S u b d i s t r i c t s  10 and 20) were predominant ly  f i s h  aged 
1.3 (59.2%), 1.2 (17.1%), and 0.3 (13.3%) (Appendix Table B3). 

F i s h  aged 1.3 were predominate i n  t h e  U p r i v e r  and De l ta /Ber ing  escapements and 
t h e  p o r t i o n s  were s i m i l a r  i n  both,  54.5% and 52.72, r e s p e c t i v e l y  (Appendix 
Table B4). The p o r t i o n  o f  f i s h  aged 1.2 i n  t he  U p r i v e r  escapement was s l i g h t l y  
smal l  e r  than i n  t h e  Be r i  ng/Del t a  escapement (27.0% versus 35.2%). The remainder 
o f  t he  Up r i ve r  escapement was predominant ly  f i s h  aged 2.3 w h i l e  t h e  remainder 
o f  t h e  Be r i ng IDe l t a  escapement was predominant ly  f i s h  aged 0.3. For a more 
d e t a i l e d  d e s c r i p t i o n  o f  t he  ca tch  and escapement s t a t i s t i c s  see Sharr  e t  a l .  
(1  985). 

C l a s s i f i c a t i o n  Models 

Scale charac te rs  t h a t  corresponded t o  growth du r i na  f reshwate r  l i f e  proved t he  
most power fu l  i n  d i s t i n g u i s h i n g  U p r i v e r  from Del ta /Ber ing  f i sh .  For f i s h  aged 
1.3 (1978 brood yea r )  d i f ferences i n  p l u s  growth were t h e  most powerful :  f o r  
f i s h  aged 1.2 d i f fe rences  i n  t h e  d i s t ance  from t h e  second c i r c u l u s  from t h e  
focus t o  t h e  end of t he  f reshwate r  annulus were t h e  most power fu l .  For  f i s h  
aged 1.3, p l u s  growth was g rea te r  i n  De l t a IBe r i ng  f i s h ,  and f o r  f i s h  aged 1.2, 
growth i n  t he  f i r s t  year  was g r e a t e r  i n  U p r i v e r  f i s h .  The mean c l a s s i f i c a t i o n  
accuracy o f  t h e  model f o r  f i s h  aged 1.3 was 77.0% and o f  t he  model f o r  f i s h  
aged 1.2, was 86.0% (Table  1 ) .  The model f o r  f i s h  aged 1.3 c l a s s i f i e d  De l t a /  
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Table 1. C l a s s i f i c a t i o n  accuracies o f  1 i n e a r  d i sc r im inan t  models f o r  f i s h  
aged 1.3 and 1.2, 1983. 

Fiah Agod 1.3 
Sample Number of Fiah Percent 

Actual Run Size Claaaified to Run Correct .......................................................................... 
Upriver Delta/Bering 

Upriver 100 74 26 94.0 
Delta/Bering 100 20 80 80.0 .......................................................................... 

Mean Claaaification Accuracy 77.0 

Fiah Aged 1 .2 
Sarple Number of Fish Percent 

Actual Run Size Claaaified to Run Correct 
P--_O---_--------_-------------------------------------------------------- 

Upriver DePtaiBering 
Uprf ver 100 79 2 1 99.0 
DeltaiBering 100 7 93 93.0 
O - P O ~ P P - - 0 - ~ - - 0 0 - - ~ ~ - ~ - ~ - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - - ~ - - - - - - - - - - - - - ~ ~ - - -  

Mean CPaeaification Accuracy 86.0 



Bering f i sh  with be t t e r  accuracy than Upriver f i sh  (80% versus 7 4 % )  as d i d  
the model for f i sh  aged 1 .2  (93% versus 79%).  

Catch A1 locations 

The estimates of the proportion of Upriver f i sh  aged 1.3 in the Dis t r i c t  21 2 
catches were similar  (Table 2 ,  Figure 5 )  among a l l  s t r a t a  and exceeded 50% 
only in l a t e  May and early June (Weeks 22 and 23). Total catches of Upriver 
f i sh  aged 1.3 peaked during the l a s t  week of May or  Week 22 (Table 3, Figure 
6) .  Total catches of Delta/Bering f i sh  aged 1 .3  peaked in ear ly  June (Week 
24) and were greater  than catches of Upriver f i sh  fo r  the remainder of the 
season. The season to ta l  catches of Upriver and Delta/Bering f i sh  aged 1.3 
were similar  ( I  92,121 versus 200,684). 

The estimated proportions of Upriver f i sh  aged 1 . 2  in D i s t r i c t  212 catches 
of sockeye salmon were s imi lar  among a l l  s t r a t a  (Table 2 ,  Figure 4 )  and the 
proportion exceeded 50% only during Weeks 21 through 23 (15 May - 4 June).  
The estimated proportions of Delta/Bering f i sh  aged 1.2 were also not demon- 
s t rably  d i f fe ren t  among s t r a t a  b u t  they exceeded 50% in a l l  b u t  Weeks 21 
through 23 and, peaked in mid-June (Weeks 25-26). Estimated catches of Upriver 
and Delta/Bering f i sh  aged 1.2 both peaked in mid-June (Weeks 28) and to ta l  
catches of Delta/Bering f ish  aged 1.2 exceeded those of Upriver f i sh  from 5 
June to  the end of the season (Table 4, Figure 6 ) .  

For D i s t r i c t  200 catches of sockeye salmon aged 1.3, the estimated number of 
Upriver f i sh  was greater  than the estimated number of Del ta/Bering f i sh  
(11,823 f i sh  versus 7,527 f i s h ) ,  while the estimated numbers of Upriver ~ n d  
Del ta/Bering f ish  aged 1.2 were approximately equal (2,684 f i sh  versus 2,896 
f i s h )  (Table 4 ) .  

For the en t i r e  1983 season the combined catches of a l l  f i sh  in D i s t r i c t  212 
and 200 (Subdis t r ic ts  10 and 20) were composed of approximately equal portions 
of Upriver (51.7%) and Delta/Bering (48.3%) f i sh  (Table 5 ) .  The portion of 
Upriver f i sh  aged 1.3 were nearly equal to  the portion of Del ta/Bering f i sh  
aged 1.3 (49.5% versus 50.5%), b u t  smaller fo r  f i sh  aged 1.2 (37.3% versus 
62.7%). The Upriver portion of f i sh  aged 2.3 was much larger than the Delta/ 
Bering portion aged 2.3 (86.5% versus 13.5%),  s l i gh t l y  larger  f o r  f i sh  aged 
"Other" (53.2% versus 46.8%), b u t  smaller f o r  f i sh  aged 0.3 (37.8% versus 
62.2%) (Table 5 ) .  

The estimated combined to ta l  return of sockeye salmon to D i s t r i c t s  212 and 200 
(Subdis t r ic ts  10 and 20) in 1983 was 1,363,361 f i sh  (Table 6 ) .  Escapement com- 
prised 48.8% of the to ta l  return,  commercial catch comprised 43.0%, and sub- 
s is tence  catches on the Upper Copper River comprised 8.1%. Though the e s t i -  
mated commercial catch of Upriver f i sh  (343,871 ) was approximately equal to 
the catch of Del ta/Bering f i sh  (321,821 ) ,  an additional 110,798 Upriver f i sh  
were captured in the Upriver subsistence f ishery ,  and the estimated Upriver 
escapement (434,926 f i.sh) was much 1 arger than the estimated Del ta/Beri ng 
escapement (1 51,945). 

DISCUSSION 

In 1983, Upriver and Delta/Bering f i sh  comprised approximately equal portions 
of the commercial catch and there was no evidence of temporal var ia t ion in 
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Table 5. Age-spec i f i c  r u n  c o n t r i b u t i o n s  o f  sockeye salmon t o  catches i n  D i s t r i c t  212 and 200 (Subdis- 
t r i c t ~  10 and 20) based upon expanded est imates from sca le  p a t t e r n  ana l ys i s  o f  f i s h  aged 1.3 
and f i s h  aged 1.2, 1983. 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - * - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

1.3 1.2 2.3 0.3 Other Total 
Run Percent Yrub.r Parcant Yuakr Percent Yuakr Percent lumber Percent Mumbr Percent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Uprlver 49.5 103.944 37.3 39. 820 06.5 75,024 37.0 17,5% 53.2 6,W 51.7 M3,@73 
D.lta/Berlnq 50.5 NU.2 l I  62.7 66,939 13.5 11,834 62.2 2a-953 46.0 5.884 40.3 321.- 
Total 100.0 412,155 100.0 106.759 100.0 87.658 100.0 46.548 100.0 12.572 100.0 W.W 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -*-  

I Inc ludes f i s h  aged 1.4, 0.4, 2.2, 2.1, 0.2, and 1.1. 



Table 6. To ta l  r e t u r n  of sockeye salmon by r u n  and age group t o  D i s t r i c t s  212 and 200 ( S u b d i s t r i c t s  10 and 
20) combined, 1983. 

------------------------------- - 
la 3 1.2 2.3 0.3 Mhr Total 

Run lPmnt N w k R m n t  N w t m R m n t  H u ~ b ~ r ~ t  ) ( w b n R m n t  W l v b r r R m n t  Hubrr 

Wiva 
-cia1 1 1 0  2)3,9(4 2.9 39,W 5.6 75.024 1.3 17,595 0. S 6 , m  25.3 343,171 
~ubslstenix 4.7 63,480 1.7 23.349 1.0 14, 148 0.4 5,7% 0.3 4,017 8.1 110.790 
Esca-nt " 17.3 236,533 9.1 123.660 2.7 37,031 i.3 17,392 1.5 20,310 31.9 W.%6 
Total 37.0 513,965 13.7 16,829 9.3 127,W3 3.0 40,783 2.3 31,015 65.3 M9,m 

D e l t a / B r i q  
G r r r c l a l  Catch1 15.3 2W,211 4.9 66,939 8.9 11,834 2. 1 ?8.?5; @. 4 5.881 23.6 321.021 
Esca-nt 5.9 89,154 3.9 53,410 id. i 2,118 8.7 10, W8 0.5 6,235 11.1 151.945 
Total 21.2 288,365 8.0 128,349 1.1 13,952 2.8 38,981 8.9 12.119 34.7 473,766 

Total 
I 
N 

Carcrial Eabch 30.2 412,155 7.0 16,759 fh4 87p658 3.4 46.548 0.9 12,572 48.8 bbS,692 
o Subsistno Eatch 4.7 63,480 1.7 23,349 1.0 114,148 0.4 
I 5,796 6.3 4,017 8.1 118.798 

E s c a m t  23.2 316,687 13.0 ln.078 2.9 39,149 2.8 27,420 1.9 26,545 43.0 506,071 
Total 58.1 792,330 22.5 397,178 10.3 140,955 5.9 79,764 3.2 43, 134 188.0 1,363,51 

------------------------------. ------------------------------------- 

I Combined catches i n  D i s t r i c t  212 and s u b d i s t r i c t ~  10 and 20 i n  D i s t r i c t  200. 
2 These catches were repor ted  by da te  and the  age composit ion i s  a weighted sum o f  t h e  age composit ion 

est imates f o r  catches from the  e a r l y ,  middle,  and l a t e  segments o f  t h e  f i s h e r y  (Sharr  e t  a l .  1985). 
3 This  i s  t he  est imated escapement by age f o r  a l l  salmon which mig ra ted  pas t  t he  M i l e s  Lake Sonar Pro- 

j e c t  (Roberson 1984) minus the est imated subsistence catches o f  sockeye salmon as compiled by Roberson 
and repo r ted  by Sharr e t  a l .  (1985). I t  should be noted t h a t  t h e  t o t a l  escapement o f  sockeye salmon 
(545,724) as repo r ted  by Randall e t  a l .  (19841, and Sharr e t  a1 . (1985) i s  r e a l l y  an es t imate  f o r  a l l  
species o f  which 2% t o  3% may be chinook salmon (Roberson, personal communication 1984). 

Th is  i s  t h e  sum o f  escapements by age f o r  Eyak Lake, McKinley Lake, 27-Mile Slough, M a r t i n  R i ve r  
Slough, 39-Mi le Creek, Ragged Po in t  Lake, M a r t i n  Lake, L i t t l e  M a r t i n  Lake, Tokun Lake, Ber ing Lake, 
Shepherd Creek, and Kushtaka Lake (Sharr  e t  a l .  1985). 



the stock composition of the catches of fish aged 1.3 or 1 . 2 .  However, in 
1982 temporal trends in stock composition were evident as the Upriver por- 
tion of the catch of fish aged 1.3 peaked (81%) during the second week of 
June then declined steadily to zero by the fourth week of July (Sharr 1983). 
Confidence intervals around 1983 stock estimates were larger than in 1982 
and the sampling s t rata  were broader l a t e  in the season which may prevent 
temporal changes from being discerned. 

Although there was no evidence of temporal variation in the stock composi- 
tion of the catches of fish aged 1.3 or 1 . 2 ,  stock-specific temporal trends 
were evident when a1 1 age classes were considered in aggregate (Figure 7 ) .  
The predominance of Upriver fish during the early portion of the season was 
a result of the large numbers of f ish aged 2.3 in the early season catches, 
most of which were allocated to the Upriver run (86.5%).  As the season pro- 
gressed, the proportion of age 2.3 f ish declined which resulted in a corres- 
ponding decline of the overall contribution of Upriver f i sh .  Caution should 
be taken when interpreting these resul t s  as i t  i s  not possible to cal cul a te  
variances around these estimates of stock composition. 

Fish originating from some of the large Upriver occuluded rearing areas such 
as Klutina Lake may account for a significant portion of strong early season 
Upriver returns in some years. The contribution of these stocks to the fish- 
ery i s  currently unknown as are their  relative escapements. The migratory 
timing of stocks from Klutina Lake are certainly consistent with the early 
segment of the Upriver run (Merri tt and Roberson 1983) and in 1983 a large 
portion of the Klutina Lake escapement consisted of fish aged 2.3 (Sharr 
unpublished data) as were early season commercial catches of Upriver f i sh .  
I t  i s  not clear i f  returns to  the Upriver occluded areas are typically pre- 
dominated by fish aged 2.3 b u t  i f  there were large returns of fish aged 1.3 
to these systems in some years i t  could explain the large portion of Upriver 
fish aged 1.3 in the commercial catches in years such as 1982. Sharr e t  a l .  
(1  984) noted that in both 1981 and 1982 there were two modes in the frequency 
distribution of the measurements across the freshwater annulus of Upriver 
f ish and suggested that the f i r s t  mode, corresponding to less growth might 
resul t  from f ish which reared in occluded areas where growth rates are typi- 
cally slower than in non-occluded areas (Cross e t  a1. 1983; McPherson e t  a l .  
1983). If the mean of th i s  f i r s t  mode can be shown to be similar to  the 
mean distance across the freshwater annulus of f ish sampled on the spawning 
grounds of Upriver occluded systems, then the size of the f i r s t  mode relative 
to the s ize of the second could be used as a relative measure of the escape- 
ment t o  Upriver occluded versus escapement to non-occluded systems. Relative 
escapement estimates coupled to lagged escapement estimates from the Miles 
Lake Sonar Project could be used to estimate total escapement t o  Upriver 
occluded sys tems. 

The estimate of the ra t io  of catch to escapement i s  much higher for  the Delta/ 
Bering run than for the Upriver run based on the estimated run composition of 
the catches and the estimates of escapement for the two runs. Sharr (1983) 
showed a similarly higher catch to  escapement ra t io  for Delta/Bering versus 
Upriver fish in 1982 and proposed two a1 ternative hypotheses to explain this  
difference: ( 1 )  differences in the catch to escapement ratios for the two 
runs resul t  from imprecise escapement estimates for delta stocks; or ( 2 )  the 



1983 DISTRICT 21 2 CATCH 

CALENDAR WEEK 
D Uprfver Rsh' A Deita/Barlng ~ l s h '  

Figure 7 .  Proportions of Upriver and Delta/Bering f i s h  o f  a l l  age groups 
i n  D i s t r i c t  212 catches,  1983. 

Syrr~bols a r e  p lo t t ed  a t  midpoint of each sampling stratum. 



higher catch to  escapement ra t io  for the Delta/Bering run resul t  from a 
higher rate  of exploitation of that run in the fishery. Acceptance/rejection 
of these alternatives will be based on development of an independent estimate 
of the magnitude of Bering/Delta escapements. Additional years of catch 
stock composition data should provide the necessary information to estimate 
the magni tude of Bering/Del ta escapements. 

Based on the two-way model for  fish aged 1 . 2  (1 979 brood year),  scale pattern 
analysis should separate Upriver from Delta/Bering f ish aged 1.3 in 1984 with 
greater accuracy than i t  did f i  sh aged 1.3 in 1983 (1 978 brood year). Sharr 
(1983) showed that accuracies between models for fish aged 1.2 and 1.3 from 
the 1976 brood year were similar and went on to predict similar accuracies 
between the model for  fish aged 1 . 2  in 1982 (1978 brood year) and f ish from 
the same brood year (aged 1.3) in 1983. ' In fac t ,  the models for  f ish aged 
1 . 2  and 1 -3  from the 1978 brood year have very simi l a r  accuracies (79.5% ver- 
sus 77.0%). Sharr (1983) also suggested that when the accuracy of the model 
for fish aged 1 . 2  i s  high, i t  could be used inseason to allocate catches of 
f ish aged 1.3 in the following year. This i s  a particularly valuable tool in 
the Copper River fishery where i t  i s  impossible to obtain timely inseason 
standards for fish aged 1.3. The relatively high accuracy of the model for 
f ish aged 1.2 in 1983 indicates that  inseason allocations of f ish aged 1.3 
in 1984 should be attempted. 
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APPENDIX A 

Scale characters  examined for  1 inear  discriminant analys is .  



Appendi x Table Al. Scale pattern variables considered for possible inclusion 
in 1 inear discriminant function analysis classification 
models for  sockeye salmon aged 1.3 and 1 .Z1. 

............................................................................... 
Variable No. Description ............................................................................... 

EIgzL 9gsihuat.r IT!!?, 4asuAar Znss 
1 Number of circuli in the zone 

Diatance acroma the zone 
Distance: scale focua (CO) to the second circulus in zona (C2) 
Diatance: CO to C4 
Diatance: CO to C6 
Diatance: CO to C8 
Dimtance: C2 to C4 
Diatance: C2 to C6 
Diatance: C2 to C8 
Distance: C4 to C6 
Distance: C4 to C8 
Diatance: fourth from the last circulua of zone to end of zone 
Distance: aecond from the last circulua of zone to end of zone 
Diatance: C2 to end of zone 
Diatance: C4 to end of zone 
Relative Diatance: (Variable #3)/(Variable #2) 
Relative Diatance: (Variable #4)/(Variable #2) 
Relative Distance: (Variable #5)/(Variable 82) 
Relative Diatance: (Variable #6)/(Variable #2) 
Reletive Diatance: (Variable #7)/(Varieble #2) 
Relative Diatance: (Variable #$)/(Varieble #2) 
Relative Diatanca: (Variable #9)/(Variable #2) 
Relative Diatance: (Variable #lO)/(Variable #2) 
Relative Diatance: (Variable #ll)/(Variable #2) 
Relative Diatance: (Variable #12)/(Variable 12) 
Relative Distance: (Variable #13)/(Variable #2) 
Average diatance between circuli: (Variable #l/Variable # 2 )  
Nurber of circuli in the firat 3/4 of the zone 
Maximum diatance between two adjacent circuli in the zone 
Relative diatance: (Variable #29)/(Veriable #2) 

Freshwater Plua Growth (PC) ---------- ---- ------ ---- 
6 1 Number of circuli in the zone 
6 2 Diatance acroas the zone 

Corblgid Frsghwatcx Zo!!s! 
63 Total number of circuli in the combined zones 
66 Total distance acroaa the combined zones 
67 Relative Distence: (Variable #2/(Variable #66) 

.............................................................................. 



n d i x  T a b l e  A1 . Scale p a t t e r n  v a r i a b l e s  considered f o r  poss ib l e  i n c l u s i o n  
i n  l i n e a r  d i s c r i m i n a n t  f u n c t i o n  ana l ys i s  c l a s s i f i c a t i o n  
models f o r  sockeye salmon aged 1.3 and l . Z 1  (cont inued) .  

Variable No. De.cription ............................................................................... 
E4r.t Bstigs A!!quiar toq? 
Number of circuli in th8 zone 
Distance acro.8 the zone 
Dintanca: end of FW (EFW) to the third circulua in zone (C3) 
Diatance: EFW to C6 
Distance: EFW to C9 
Diatance: EFW to C12 
Distance: EFW to CIS 
Diatance: C3 to C6 
Diatance: C3 to C9 
Distance: C3 to C12 
Distance: C3 to CIS 
Diatance: C6 to C9 
Dintance: C6 to C12 
Diatance: C6 to C13 
Diatanca: C9 to CIS 
Dlntance: arxth droa thm laat circulun of zone to and 06 =on& 
Distance: third froa the last circulus of zone to end of zone 
Distance: C3 to end of zone 
Distance: (29 to end of zone 
Distance: Cl5 to end of zone 
Relative Distance: (Variable #72)/(Variable 871) 
Rmlative Dlstance: (Variable #73)/(Var~able #71) 
Relative Diatance: (Variable #74)/(Variable 891) 
Relative Distance: (Varrable #7S)/(Variable #ill 
Relatnve Dlstance: (Variable #76)/(Varrable #71) 
Relative Distance: (Variable #77)/(Vnrrable #7b) 
Relative Distance: (Variable #78)/(Variable #71) 
Relative Dlstance: (Variable #79)/(Varnable #71) 
Relative Distance: (Variable #80)/(Varlable 671) 
Relative Distance: (Variable #8l)/(Variable 871) 
Relative Distance: (Variable #82)/SVar~able 871) 
Relative Distance: (Variable #83l/(Var~able #71) 
Relative Distance: (Variable #84)/(VarFable #7f) 
Relative Distance: (Variable #85)/(Vsrlable #71) 
Relative Distance: (Variable #86)/(Varrable #71) 
Average distance between circuli: (Variable #71/Vsrfable 670) 
Number 0% circulf in the flrst 1/2 of the zone 
Maxiaua distance between two adjacent circuli in the zone 
Relative distance: (Variable #107)/%Var~abla #7f) 

' Zones were measured a long t h e  a n t e r i o r - p o s t e r i o r  a x i s  o f  t h e  scale.  W i th i n  
each zone, t h e  t o t a l  number o f  c i r c u l i  were counted and t he  d is tances  between 
p a i r s  o f  ad jacen t  c i r c u l i  were measured. Distances were recorded i n  hundredths 
o f  inches. 



Appendix Table A2. Means and standard errors of scale variables used to 
construct two-way linear discriminant functions for  
fish aged 1.3 and 1 . 2 ,  1983. 

-------------------------------------------------------------------------------- 
Fish Aged 1.3 Upriver i r e l t a / a e r ~ n ~ ~  ------------------- ------------------- 

Standard Standard 
Variable NO: ~ - ~ a l u a ~  noan Error Hean Error 

fish Aged 1.2 Upriver Dalta/Berrng ------------------- ------------------- 
Standard Standard 

Varlebla No. F-Value Mean Error Mean Error ................................................................................ 
14 170.57 113.42 3.30 64.13 1.83 
86 9.79 36.68 0.53 34.22 0.58 ................................................................................ 
I Variable numbers are defined in Appendix B1. 
2 Values of F represent the relative degree of differences of the variables 

between di scrimi nant groups. 



APPENDIX B 

Age, sex, and abundance est imates of sockeye salmon catches and escapements. 



Appendix Table B1. Estimated escapements by age used t o  subsample scales o f  known o r i g i n  f rom the  Up r i ve r  and 
Del ta /Ber ing runs t o  cons t ruc t  two-way d i sc r im inan t  f unc t i ons  f o r  f i s h  aged 1.3 and 1.2, 
1  983. 

Aged 1.3 Aged 1.2 
-----------------------------------------------------------------------------------------------------------------------------  

Statlatical % Group Number % Group Yuaber 
Groupinq Escapement Sample8 Code Nuabei Tote1 Standard. Nunber Total Stradardm 
------------------------------------------------------------------------------------------------------------------------------ 
Upriver Chitina 06/01 - 06/03l 212-20-000-100 97,255 32.4 32 23.047 15.7 16 

Chitina 06/08 - 06/101 212-20-000-100 105,372 35.1 35 37,884 25.8 26 
Chitina 06/15 - 06/17; 212-20-000-100 50.428 16.8 17 44,564 30.3 30 
Chitina 06/20 - 06/24 212-20-000-100 36,015 12.0 12 29.241 19.9 20 
Long ~ a k e ~  212-20-000-101 10.951 3.7 4 12,273 8.3 8 

------------------------------------------------------------------------------------------------------------------------------  
Upriver Total 300.021 100.0 100 147,010 100.0 100 

Delta/Ber~nq Eyak Lake - West Beaches 
Eysk Leke - Hatchery Creek 
McKinley Lake 
27 - nile slough 
Martin River Slough 
39 - Mile Creek 
Ragged Point Lake 
Hartin Lake - Weet Beeches 
Martin Lake - South Feeders 
Little Martin Lake 
Tokun Lake 
Bering Lake 
Kuahtaka Lake 
Shepherd Creek 

Delta/Bering Total 80,115 100.0 100 53,410 100.0 100 
------------------------------------------------------------------------------------------------------------------------------  
I This  i s  an es t imate  o f  escapement pas t  t he  M i l e  Lake Sonar P r o j e c t  which was based on age composit ion data 

from C h i t i n a  subs is tence f i s h e r y  data and sonar counts from M i l e s  Lake lagged t o  account f o r  t r a v e l  t ime  
from the sonar s i t e  t o  the  f i s h e r y .  

Because Long Lake f i s h  a re  probably  n o t  i n t e r cep ted  by the  subsistence f i s h e r y  (Roberson, personal communi- 
ca t ion)and  t h e i r  m ig ra to r y  t i i n i  ng i s  cons i s ten t  w i t h  t h i s  segment o f  t he  escapement (Mer r i  tt and Roberson 
1983), the  es t imate  was sub t rac ted  from the  sonar counts f o r  t h i s  p o r t i o n  o f  the  run. 

3 Based on counts and samples from f i s h  passed through t he  we i r  a t  t he  o u t l e t  o f  Long Lake. 

Escapement est imates as repor ted  by Sharr e t  a l .  (1985). 
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Appendix Table 83.  Age and sex composit ion o f  the  commercial catches of sockeye salmon i n  D i s t r i c t  200 
( S u b d i s t r i c t s  10 and 20) by sampling s t r a t a ,  1983l.  

brmc Year ard ace G r w o  
1978 1979 1984 

Cstch Saurle Sanple ----------- ...................... ------------------- ------------ 
w e ~ ( ~ )  Dares Data Size 1.4 2.; 8.4 !.3 2.2 4.3 1.2 2.1 4.2 1.1 Total 
.................................................................................................................................. 
25-39 6/12 - 9/24 6/12 - 6/15 431 % a.2 7.8 a.a 39.2 1.1 13.2 17.1 a.a I. I 0.2 l@.e 

N I ~ W X ~  iii 2.531 a ia3.35a 4,340 s,=m 0 ~ € 2  72 Y,W 
5td. Erw 69 418 d 756 151 2 4  579 8 i6! 69 

Total 6/12 - 9/24 6/12 - 6/15 451 L 4.2 7.8 8.a 53.2 1.1 13.3 17.1 0.8 I. 1 6.2 1W.B 
(25-33, rlu~wr 72 2,536 4 13,259 U 4,348 5,585 8 262 72 32.W 

Sta. Error 69 415 0 756 !61 524 579 @ !6i 69 
................................................................................................................................ 

I From Sharr e t  a1 . ( 1  985). 





T.-:a!j;o the &;ia:b c-:3?;;;:7c.t 5; Yidh &me receive 
k(113131 fufiding, a'l c i  i ls i;!ibllc proyaas and activities 
iiri! operzted free from discri;ri'::a!ion cil the basis of race, 
Cc:or, natirina! oiigiil, aye, or haxlicap. Any person who 
beiieves he cr slla has been discrimina!ed agalnst should 
write to: 

O.E.O. 
U.S. Department of the Interior 
Washington, D.C. 20240 
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